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(57) ABSTRACT 

A vehicle seat suspension that includes a suspension car 
tridge Which houses suspension components that includes 
one or more of the following: one or more biasing elements, 
a suspension arm arrangement, a damper arrangement, a 
height adjust assembly, and a Weight adjust assembly. In one 
preferred embodiment, the cartridge includes all of these. 
The suspension can include a truncated roller that provides 
a larger effect of radius. The suspension can also include a 
cam upon Which a suspension roller rides that increases 
maximum suspension stroke While minimiZing collapsed 
suspension height. The suspension can also include a 
damper that is oriented so as to provide a nearly linear 
response over all regions of suspension stroke or travel. 
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VEHICLE SEAT SUSPENSION AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from US. Provi 
sional Patent Application Serial No. 60/426,957, Which Was 
?led on Nov. 15, 2002, the entirety of Which is expressly 
incorporated herein. 

FIELD OF INVENTION 

[0002] The present invention is directed to a vehicle seat 
suspension and more particularly to a vehicle seat suspen 
sion that is Well-suited for use in off-road vehicles. 

BACKGROUND OF INVENTION 

[0003] Most manufacturers of seat suspensions have sold, 
or are currently selling, a conventional bell crank mechani 
cal suspension system. The main components of this type of 
seat suspension typically include: 

[0004] TWo support brackets Welded to the top plate 
(eg the seat platform); 

[0005] TWo extension springs; 

[0006] A Welded bell crank sub-assembly that 
includes tWo bell crank arms, a bearing tube betWeen 
the tWo bell crank arms, and a spring mounting shaft 
?xed to the bell crank arms; 

[0007] 
[0008] 
[0009] 
[0010] 
[0011] A pin attaching the bell crank assembly to 

support brackets and e-rings at both ends; and 

[0012] A roller attached to the bell crank assembly 
With a pin and e-rings at each ends. 

A spring hanger bracket; 

A tension adjust shaft; 

A knob attached to the tension adjust shaft; 

TWo ?anged bearings inserted into the tube; 

[0013] The above components are generally assembled at 
the same time as a complete seat suspension. Thus, the 
above components are also assembled at the same place as 
the rest of the seat suspension. 

[0014] The invention and background for the invention 
relates to seat suspensions disclosed in commonly oWned 
US. Pat. No. 5,794,911, Which issued in August of 1998, 
and US. Pat. No. 5,927,679, Which issued July of 1999, 
Wherein a suspension height or vertical adjust mechanism 
acts independent from that of the suspension Weight adjust 
ment or energy mechanism. 

[0015] Traditional means for providing such height and 
Weight adjustment functionality is that of loose members 
being systematically ?xed to a partially assembled seat 
suspension, comprised of a top and bottom plate and con 
nected linkage capable of lifting the top plate in a vertical 
fashion With respect to the bottom plate. This means of 
assembly limits the design of the energy and vertical adjust 
components to that of elements that can be installed and 
assembled as loose members to the seat suspension in the 
restricted space available betWeen the seat platform and 
base. Thus, no prevailing interference points can exist Within 
the suspension betWeen the platform and base as the vertical 
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adjust and energy adjustment components are systematically 
assembled to the suspension. This constraint may require 
additional space Within the suspension envelope. This can 
result in, for example, taller collapsed height or Wider 
linkage betWeen plates than necessary. It may also require 
specialiZed tools for assembly. The traditional embodiment 
may require additional components that provide unneces 
sary redundancy at increased cost to attach the vertical 
adjust and energy adjust components. 

[0016] One typical approach of providing height adjust in 
a conventional bell crank suspension is an adjustable up 
stop. Amechanical device is adjusted to provide tWo or more 
positions that each provides a different limit for the upWard 
travel of the suspension linkage. In order for an operator or 
seat occupant to change their static vertical position they 
also need to either increase or decrease the spring tension 
adjustment, Which typically requires a signi?cant expendi 
ture of Work or energy. Moving the up-stop has no effect on 
the operator’s vertical position because the up-stop adjust 
ment does not decrease or increase the preload of the 
springs. Without changing the spring preload With the 
Weight adjustment control, the operator Will return to the 
same static vertical position regardless of the up-stop set 
ting. Thus, tWo adjustments disadvantageously must be 
made to change the operator’s vertical position. 

[0017] Damping in compact suspensions is typically 
achieved by connecting the damper betWeen the upper and 
loWer housings, e.g., connecting the damper betWeen the 
base and platform. This arrangement produces nonlinear 
damping characteristics. The effective damping force acting 
to isolate the operator signi?cantly decreases as the suspen 
sion collapses. This is an undesirable behavior for effective 
vibration isolation. 

[0018] Another shortcoming of conventional compact bell 
crank suspensions is compromised vibration isolation. The 
compact siZe limits the optimiZation of the bell crank 
leverage ratio, Which results in higher spring rates, higher 
joint loads, and therefore more system friction. 

[0019] What is needed is a seat suspension that overcomes 
one or more of these de?ciencies. What is also needed is a 
seat suspension that better facilitates assembly and installa 
tion. What is further needed is a seat suspension of simple 
design that has a minimum of components so as to simplify 
assembly and installation While reducing cost. What is still 
further needed is a seat suspension of compact construction 
that results in a shorter collapse height. 

SUMMARY OF INVENTION 

[0020] The present invention is directed to a suspension 
arrangement for a seat that preferably is a vehicle seat, 
namely, an off-road vehicle seat. The present invention is 
directed to a vehicle seat suspension arrangement that 
includes a seat base and a seat platform. The seat platform 
is capable of supporting a vehicle seat that can be adjustably 
mounted. The seat base preferably is coupled to ground such 
as by being carried by a vehicle frame. 

[0021] A suspension arrangement is disposed in commu 
nication With the base and platform. For example, in one 
preferred embodiment, a suspension arrangement of the 
invention is located beloW a seat platform and above a seat 
base. The suspension arrangement can be carried either by 
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the base or the platform. For example, Where the suspension 
arrangement is located betWeen the base and the platform, a 
portion of the suspension arrangement can be ?xed or 
otherWise attached to the platform or the base. In a currently 
preferred embodiment, the suspension arrangement is 
releasably coupled to the seat platform, such as by a plurality 
of fasteners, each of Which preferably comprises a rivet or 
the like. 

[0022] The suspension arrangement includes a suspension 
arm that is coupled to a biasing element that cooperate to 
oppose suspension collapse. In a currently preferred 
embodiment, suspension motion is constrained in an up-and 
doWn direction by including a scissors linkage arrangement. 
Where a scissors linkage arrangement is included, the scis 
sors linkage arrangement has a plurality of scissor arms that 
each have one end in communication With the base and 
another end in communication With the platform. In a 
currently preferred embodiment, the scissors linkage 
arrangement has tWo pairs of spaced apart scissor arms both 
pairs of Which are disposed in betWeen the base and the 
platform. 

[0023] The suspension arm arrangement is pivotally car 
ried by a suspension housing. Preferably, the suspension arm 
arrangement includes a shaft to Which at least one biasing 
element is coupled. The suspension arm arrangement also 
includes a roller that is carried at or adjacent one end of the 
arm. The roller can bear directly against either the platform 
or the base. In a currently preferred embodiment, the sus 
pension arrangement is carried by one of the platform and 
the base and the roller bears against the other one of the 
platform and the base. 

[0024] The suspension housing preferably is part of a 
suspension cartridge that can be releasably attached to either 
the platform or the base. In a currently preferred embodi 
ment the suspension housing is ?xed to the platform by a 
plurality of fasteners, each of Which preferably comprises a 
rivet or the like. The housing preferably carries a plurality of 
spaced apart and parallel biasing elements, each of Which 
preferably comprises a coil spring that is held captive in 
tension. 

[0025] While the suspension arm arrangement can com 
prise a scissors linkage arrangement, it preferably comprises 
a bell crank subassembly. The bell crank subassembly 
includes a plurality of bell crank arms that are each con 
nected by a pivot shaft to the suspension housing. Also 
attached to the bell crank arms is a biasing element retainer 
shaft that releasably receives and retains one end of each 
biasing element. Also attached to the bell crank arms is an 
axle shaft to Which the roller is pivotally mounted. 

[0026] The bell crank subassembly preferably communi 
cates With an adjust subassembly that is capable of enabling 
suspension adjustment. For example, the adjust subassembly 
can be constructed and arranged so as to provide height 
adjustment, Weight adjustment, or height and Weight adjust 
ment. 

[0027] In a currently preferred embodiment, the adjust 
assembly is constructed and arranged to provide the ability 
to make height and Weight related adjustments to the sus 
pension. The adjust assembly includes a handle that is linked 
or coupled to an adjuster rod that communicates With at least 
one of the biasing elements and that communicates With the 
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suspension arm arrangement. In a currently preferred 
embodiment, the adjust assembly is linked or coupled to a 
biasing element hanger assembly that receives and retains 
one end of each biasing element. Preferably, the adjust 
assembly is linked or coupled to the biasing element hanger 
assembly by the adjuster rod. 

[0028] Where the adjust assembly is designed to provide 
height adjustment, the adjuster rod is coupled at one end to 
the biasing element retainer shaft in manner that moves each 
biasing element Without changing biasing element preload. 
Where the adjust assembly is designed to provide Weight 
adjustment, the adjuster rod is rotatively coupled to the 
biasing element hanger assembly so as to be able to selec 
tively increase or decrease the distance betWeen the biasing 
element hanger assembly and the biasing element retainer 
shaft. Selectively increasing or decreasing the distance 
betWeen the biasing element hanger assembly and the bias 
ing element retainer shaft changes biasing element preload. 

[0029] While the adjust assembly preferably includes at 
least one handle, each handle preferably can comprise a 
knob or a lever, if desired. Where the adjust assembly 
provides both height and Weight adjustment, there are a 
plurality of handles that each preferably comprise a knob. If 
desired, some other type of handle can be used to perform 
seat height and Weight adjustment. 

[0030] The suspension housing is constructed and 
arranged to carry the components of the suspension arrange 
ment. The suspension housing can be substantially tubular in 
construction. The suspension housing includes a slot in each 
sideWall that receives and guides the biasing element hanger 
assembly. To facilitate assembly, at least one slide preferably 
includes a clearance notch or the like that permits the biasing 
element hanger assembly to be slid sideWays during assem 
bly through the notch and slot in a manner Where it remains 
captive in the slot. The suspension housing also preferably 
includes a pair of guide notches in an end of each sideWall. 
Each guide notch releasably receives and retains a portion of 
the biasing element retainer shaft therein. In a currently 
preferred embodiment, each sideWall end has a pivot shaft 
receiving notch formed therein that also facilitates assembly. 
In one preferred embodiment, the other end of the housing 
has an end Wall. In another preferred embodiment, the other 
end of the housing is capped by an end cap. 

[0031] In assembly, the suspension arm assembly and the 
adjust assembly are linked by a coupler that preferably 
includes a coupling sleeve and a coupling clip. The sleeve 
preferably includes a pair of spaced apart bores that each 
receives one clip end. The clip preferably includes a loop or 
the like that helps substantially rigidly couple the adjuster 
shaft to the bell crank subassembly, Where a bell crank 
suspension arrangement is employed. 

[0032] The sleeve preferably has a ?rst diameter that 
receives the adjuster rod and a second diameter that receives 
a shaft that couples With the biasing element retainer shaft. 
In one preferred embodiment, the shaft that couples With the 
biasing element retainer shaft comprises a piston rod that 
reciprocably extends outWardly from a housing of a damper. 
In a currently preferred embodiment, Where a damper is 
employed, the damper can be located Within the housing and 
betWeen the biasing elements. In another preferred embodi 
ment, a damper can be carried by a suspension arm of the 
suspension arm arrangement. 
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[0033] Where a damper is carried by the suspension 
cartridge housing, the damper preferably advantageously 
has a substantially linear damping effectiveness curve (i.e., 
damper velocity ratio versus suspension de?ection). In a 
preferred embodiment, the damper is oriented in a fore-aft 
direction and parallel With the biasing elements, producing 
a damping effectiveness curve With an increasing slope as 
suspension de?ection or travel increases. 

[0034] The roller is rotatively carried by a suspension arm 
of the suspension arm subasssembly. The suspension arm 
preferably has a pair of roller stops formed therein. Each 
roller stop limits the extent of rotation of the roller by 
engaging the roller When it reaches the desired rotational 
limit. In a currently preferred embodiment, there is a pair of 
suspension arms and each suspension arm has a plurality of 
roller stops formed therein. 

[0035] While the roller can be circular in construction, it 
preferably has an angular extent of less than 360° such that 
it is truncated. In one preferred embodiment, the roller is a 
truncated roller that rotates When it rolls back and forth. In 
one preferred embodiment the truncated roller has an angu 
lar extent betWeen 30° and 270°. 

[0036] The truncated roller preferably is equipped With a 
curvilinear contact section that rotates during suspension 
operation. To help prevent over rotation or improper trun 
cated roller positioning, the truncated roller can be equipped 
With a ?at adjacent each end of the curvilinear contact 
section. Such a ?at helps properly reorient the contact 
section should it become improperly oriented during assem 
bly or suspension operation. Where additional measures are 
desired to help maintain proper truncated roller orientation, 
each ?at can include at least one tang outWardly extending 
therefrom. 

[0037] Where additional suspension stroke is desired, the 
roller can ride on a cam. In one preferred embodiment, the 
cam comprises a discrete component that is ?xed to the 
platform or the base opposite the suspension arrangement. If 
desired, the cam can be integrally formed into the platform 
or the base. 

[0038] In a currently preferred embodiment, the cam com 
prises a ramp that preferably has a generally triangular or 
cross-section. If desired, all or part of the cam can have a 
roller contact surface that is substantially ?at but linearly 
elevating relative to the platform or the base that carries the 
cam. If desired, the contact surface of the cam can include 
a curvilinear section. 

[0039] In the present invention, each biasing element 
preferably comprises a spring, the entire spring assembly 
(springs and hanger) is translated With respect to the housing 
and the ?xed bell crank pivot Which causes the bell crank to 
rotate about its pivot. The distance betWeen the housing 
changes but the preload in the springs has not changed. 
Therefore, regardless of the initial distance betWeen the 
upper and loWer housings, the operator displacement doWn 
Ward from the unloaded condition remains constant. Thus, 
height adjustment advantageously operates independently of 
Weight adjustment. 

[0040] In at least one embodiment of the present inven 
tion, the introduction of the ramp enables a loWer spring rate 
to be used by changing the vertical force component oppos 
ing the operator’s mass due to the angle of the force 

Jul. 29, 2004 

imparted by the roller to the loWer housing. By controlling 
the shape of the surface of the ramp, the load de?ection 
characteristics of the suspension can be tuned to a certain 
degree. In any event, a suspension made in accordance With 
the presently invention preferably produces a compact sus 
pension With a loWer spring rate Which in turn should also 
provide better vibration isolation. 

[0041] In at least one embodiment of the present inven 
tion, by using a truncated roller having an increased diam 
eter, suspension friction is reduced. The truncated roller 
advantageously also permits collapsed height to be smaller 
as compared to a fully round roller having the same diam 
eter. Therefore, a truncated roller made in accordance With 
at least one aspect of the present invention achieves the 
advantage of a larger roller Without adversely increasing 
collapsed suspension height by using a partial roller With 
features to assure that it stays in the desired orientation With 
respect to the ramp and the suspension housing. 

[0042] The present invention has one or more of the 
folloWing objectives, features and advantages: 

[0043] It is an object of the present invention to provide a 
seat suspension that is capable of off-road vehicle use. 

[0044] It is another object of the present invention to 
provide a seat suspension cartridge for a seat suspension. 

[0045] It is another object of the present invention to 
provide a seat suspension that utiliZes a suspension cartridge 
module that can be preassembled before being assembled to 
the rest of the suspension. 

[0046] It is still another object of the present invention to 
provide a seat suspension that utiliZes a truncated roller that 
is not completely circular but Which can provide a larger 
effective radius for reducing and preferably minimiZing 
friction betWeen it and the surface against Which it bears 
during suspension operation. 
[0047] It is a further object of the present invention to 
provide a seat suspension that utiliZes a cam against Which 
a roller rides to increase suspension stroke. 

[0048] It is a still further object of the present invention to 
provide a seat suspension that is capable of alloWing height 
adjustment Without affecting Weight adjustment. 
[0049] It is a still further object of the present invention to 
provide a seat suspension of compact construction that 
provides damping, height adjustment and Weight adjust 
ment. 

[0050] It is another object of the invention to provide a 
seat suspension that is capable of alloWing Weight adjust 
ment Without affecting height adjustment. 

[0051] It is another object of the invention to provide a bell 
crank seat suspension that is of loW friction construction and 
Which has a roller With a radius of at least 15 mm. 

[0052] It is another object of the invention to provide a bell 
crank seat suspension of compact construction that has a 
loWer spring rate than conventional bell crank suspensions 
and Which provides better vibration isolation than conven 
tional bell crank suspensions. 

[0053] It is an advantage of the present invention to 
provide a seat suspension cartridge of modular, compact, 
robust, durable, reliable, repeatable and/or economical con 
struction. 



US 2004/0144906 A1 

[0054] It is an advantage of the present invention to 
provide a seat suspension of modular construction that can 
be preassembled in one location and shipped to another 
location for ?nal assembly to a seat suspension. 

[0055] It is another advantage of the present invention to 
provide a seat suspension that utiliZes a cam that has a cam 
surface that can be tailored to produce a particular desired 
load de?ection suspension curve. 

[0056] It is another advantage of the present invention to 
provide a seat suspension that utiliZes a cam of inexpensive, 
durable, resilient, reliable, long-lasting, and/or repeatable 
construction. 

[0057] It is a further advantage of the present invention to 
provide a bell crank seat suspension that is of compact and 
loW friction construction. 

[0058] It is a further advantage of the present invention 
that the biasing elements are manually attachable Without 
requiring use of a spring puller or the like. 

[0059] It is a still further advantage of the present inven 
tion that a suspension arrangement including a damper 
arrangement provides substantially linear damping charac 
teristics. 

[0060] It is an advantage of the present invention to 
provide a seat suspension that alloWs seat height adjustment 
Without requiring a corresponding spring preload adjustment 
or Weight adjustment. 

[0061] It is another advantage of the present invention to 
provide a seat suspension having a damping element that is 
not connected to both the base and the platform. 

[0062] It is still another advantage of the present invention 
to provide a seat suspension of compact construction having 
a damping element that lies in a fore-aft direction. 

[0063] Other objects, features, and advantages of the 
present invention Will become apparent to those skilled in 
the art from the detailed description and the accompanying 
draWings. It should be understood, hoWever, that the detailed 
description and accompanying draWings, While indicating 
preferred embodiments of the present invention, are given 
by Way of illustration and not of limitation. Many changes 
and modi?cations may be made Within the scope of the 
present invention Without departing from the spirit thereof, 
and the invention includes all such modi?cations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] Preferred exemplary embodiments of the invention 
are illustrated in the accompanying draWings in Which like 
reference numerals represent like parts throughout and in 
Which: 

[0065] FIG. 1 is a perspective vieW of a ?rst preferred 
embodiment of a vehicle seat suspension arrangement of the 
invention; 

[0066] FIG. 2 is a top vieW of one preferred suspension 
cartridge embodiment that can be implemented as the sus 
pension arrangement of the invention; 

[0067] FIG. 3 is an exploded perspective vieW of the 
suspension cartridge depicted in FIG. 2; 
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[0068] FIG. 4 is a front perspective vieW of a second 
preferred suspension cartridge! embodiment; 
[0069] FIG. 5 is an enlarged side vieW of a biasing 
element engaged With a biasing element bearing clip; 

[0070] FIG. 6 is a perspective vieW of the biasing element 
bearing clip shoWn in FIG. 5; 

[0071] FIG. 7 is a rear perspective vieW of a third pre 
ferred suspension cartridge embodiment; 

[0072] FIG. 8 is bottom vieW of the third preferred 
suspension cartridge embodiment; 
[0073] FIG. 9 is an exploded perspective vieW of the third 
preferred suspension cartridge embodiment; 
[0074] FIG. 10 is a front perspective vieW of a preferred 
suspension cartridge housing; 

[0075] FIG. 11 is an exploded perspective vieW of a 
preferred suspension linkage arm arrangement; 

[0076] FIG. 12 is an exploded perspective vieW of a 
truncated roller folloWer and cam arrangement of the inven 
tion; and 

[0077] FIG. 13 is a damping effectiveness curve compar 
ing damper velocity ratio versus de?ection for a seat sus 
pension employing a prior art damper arrangement and a 
damper arrangement employed in accordance With the 
present invention. 

DETAILED DESCRIPTION OF AT LEAST ONE 
PREFERRED EMBODIMENT 

[0078] FIG. 1 illustrates a preferred embodiment of a seat 
suspension 40 of the invention that has a seat platform 42 
and a base or ground 44 betWeen Which is disposed a linkage 
arrangement 46 and a suspension cartridge 48. The suspen 
sion cartridge 48 is of self-contained and modular construc 
tion to facilitate assembly and installation. The suspension 
cartridge 48 preferably is equipped With at least one out 
Wardly extending arm 50 that carries a roller 52. The 
suspension cartridge 48 absorbs energy While providing at 
least Weight adjustment capability. In the preferred embodi 
ment shoWn in FIG. 1, the suspension cartridge 48 provides 
both height and Weight adjustment capabilities. In the pre 
ferred embodiment shoWn in FIG. 1, the roller 52 cooper 
ates With a contoured cam 54 during suspension operation. 

[0079] In the preferred seat suspension embodiment 
shoWn in FIG. 1, the linkage arrangement 46 preferably 
comprises a scissors linkage arrangement, but is not 
intended to be limited to a scissors linkage arrangement. For 
example, the linkage arrangement 46 can be a four-bar 
linkage arrangement, a scissors linkage arrangement, or 
another type of linkage arrangement, if desired. 

[0080] The linkage arrangement 46 includes a pair of 
spaced apart inner arms 43 each of Which is pivotally 
attached to a corresponding one of a pair of spaced apart 
outer arms 45. At or adjacent one end of each arm is an axle 
47 that rotatively receives a roller 49. In a currently pre 
ferred embodiment, the platform axle (not shoWn) is gen 
erally U-shaped so as to clear the suspension cartridge 48. 
Such a U-shaped platform axle advantageously also prefer 
ably can simultaneously function as a torsion bar. Each roller 
49 rides in a track 51. For example, in the preferred 



US 2004/0144906 A1 

embodiment shown in FIG. 1, the platform 42 and base 44 
have side Walls 53 each equipped With an inturned lip 55 that 
each de?nes a roller-receiving track 51. At or adjacent the 
other end of each arm 43 and 45 is an anchor rod 57 that 
eXtends therebetWeen to pivotally anchor the linkage 
arrangement 46. 

[0081] FIGS. 2 and 3 depict a preferred embodiment of 
the suspension cartridge 48 of the invention. The cartridge 
48 includes a cartridge housing 56 that can be of substan 
tially tubular construction for providing strength and impart 
ing structural rigidity to the cartridge. The housing 56 has a 
front Wall 58, a fore-aft extending end Wall 60, and a pair of 
sideWalls 62 and 64 that each can be equipped With a fore-aft 
extending ear 90. In the preferred embodiment shoWn in 
FIGS. 2 and 3, both cartridge housing sideWalls 62 and 64 
are identical to each other as they are both equipped With a 
biasing element hanger receiving slot 66 and a clearance 
notch 68 in Which a biasing element retainer shaft 70 is 
disposed. 

[0082] The suspension cartridge 48 includes at least one 
biasing element 72 that opposes suspension collapse and 
absorbs energy during suspension operation. In the preferred 
embodiment shoWn in FIGS. 2 and 3, the cartridge 48 has 
a plurality of biasing elements 72. Preferably, each biasing 
element 72 is a coil spring 73 that is releasably captured in 
tension. If desired, the suspension cartridge 48 can be 
con?gured so as to capture each biasing element in a state of 
compression. 

[0083] Each biasing element 72 has one end operably 
coupled to part of the biasing element retainer shaft 70 and 
has its other end operably coupled to part of a biasing 
element hanger assembly 74. The biasing element retainer 
shaft 70 preferably comprises a generally cylindrical shaft 
that has a generally circular cross-section. To facilitate 
relative movement betWeen each biasing element 72 and 
shaft 70, there is a bearing 76 disposed therebetWeen. 
Referring particularly to FIG. 3, the biasing element hanger 
assembly 74 is made of a plurality of components that 
includes at least one biasing element carrying yoke 75. 

[0084] The biasing element retainer shaft 70 eXtends 
through a pair of bores 78 in a suspension arm linkage 
arrangement 80 that preferably comprises a bell crank arm 
linkage arrangement. Referring more speci?cally to FIG. 3, 
the bell crank arm linkage arrangement 80 includes a pair of 
generally parallel and generally triangular bell crank arms 
82 that are spaced apart by a holloW bearing tube 84. The 
bearing tube 84 preferably is ?Xed to each bell crank arm 82, 
such as by a Weld or the like. To pivotally anchor the bell 
crank arm linkage arrangement 80 to the cartridge housing 
56, a pivot shaft 86 received through the tube 84 eXtends 
through a bore 88 in each cage sideWall ear 90. To prevent 
the shaft from disengaging, an anchor arrangement 92 is 
attached to each end of the shaft 86. To facilitate relative 
rotation betWeen the shaft 86 and the cartridge housing 56 as 
Well as the bell crank arm linkage arrangement 80, each 
shaft end preferably is equipped With a bearing 94 that can 
be of tubular or cylindrical construction. In the preferred 
embodiment shoWn in FIG. 3, each shaft anchor 92 com 
prises a clip that can be an E-shaped clip or the like. Where 
the bell crank pivot shaft 86 is also equipped With bearings 
94, each bearing 94 is made of a suitable loW friction 
material. 
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[0085] To help dissipate energy, including vibrational 
energy, the suspension cartridge 48 preferably includes a 
damper 96 that can be a shock absorber or the like. Prefer 
ably, the damper 96 comprises a piston and cylinder arrange 
ment Whereby the piston is reciprocably received by the 
cylinder. If desired, other types of dampers can be used. 

[0086] In the preferred embodiment shoWn in more detail 
in FIG. 3, the damper 96 has a cylindrical housing 98 from 
Which a piston 100 reciprocably eXtends. The piston 100 has 
a mount 102 at its free end that receives a damper mounting 
shaft 104 that eXtends through a bore 106 in at least one of 
the bell crank arms 82. Preferably, the shaft eXtends through 
the bore 106 in both arms 82 With the damper 96 disposed 
betWeen the arms 82. The damper housing 98 has a mount 
108 at its free end Which receives a pivot 110 that cantilevers 
outWardly from a bracket 112 attached by rivets 114 to an 
interior surface of cartridge housing end Wall 60. Anchors, 
such as C-clips, E-clips, or the like, preferably are used to 
keep each damper mount pivotally engaged With its respec 
tive mounting shaft and mounting pivot. 

[0087] Each bell crank arm 82 has another bore 116 that 
receives an aXle shaft 118 that eXtends through the roller 52, 
Which comprises a Wheel 120 in FIGS. 2 and 3. The aXle 
shaft 118 preferably eXtends through the bore 116 in each 
bell crank arm 82 such that the roller 52 is positioned 
betWeen each arm 82. To prevent the shaft 118 from moving 
in an aXial direction, anchors, such as C-clips, E-clips, or the 
like, are preferably used. 

[0088] The suspension cartridge arrangement 48 also 
includes a height and Weight adjust assembly 122. The 
height and Weight adjust assembly 122 includes a Weight 
adjust knob 124 that is manipulable by a seat occupant When 
the seat occupant desires to vary an amount of preload 
applied to each biasing element 72. The assembly 122 
preferably also includes a height adjust knob 126 that is also 
manipulable by a seat occupant When the seat occupant 
Wishes to change seat height. In the preferred embodiment 
shoWn in more detail in FIG. 3, both knobs 124 and 126 are 
rotatable. If desired, one or both knobs can be manipulated 
in another manner to achieve the respective desired effect. 

[0089] Both knobs 124 and 126 are substantially coaXial 
With an adjuster rod 128 that eXtends through a port 130 in 
the cartridge housing front Wall 58 and Which preferably is 
substantially disposed inside the cartridge housing 56 
betWeen its sideWalls 62 and 64. The adjuster rod 128 is 
received through a guide 132, such as a nut that preferably 
is a barrel nut. In a preferred embodiment, the barrel nut 132 
is captured betWeen a pair of spring hanger yokes 75 in the 
manner depicted in FIG. 3. A pair of rivets 134 preferably 
?Xes one of the spring hanger yokes 75 to the other one of 
the spring hanger yokes 75. 

[0090] If desired, the rod 128 can carry a limiter 136 that 
limits travel of the barrel nut 132 relative to the rod 128 
during suspension operation. In the preferred embodiment 
shoWn in FIGS. 2 and 3, the limiter 136 is a pin that is 
disposed in the rod 128 generally perpendicular to the 
longitudinal aXis of the rod 128. In the preferred embodi 
ment shoWn in FIGS. 2 and 3, a portion of the rod 128 is 
threaded 138, the threaded portion 138 is threadably 
received through the barrel nut 132, and the rod can rotate 
in either direction until the limiter 136 bears against the 
barrel nut 132. 
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[0091] The end of the adjuster rod 128 is received in a 
pocket 139 in one end of a fore-aft extending adjuster brace 
140 that is coupled at its other end by a mount 142 to the 
biasing element retainer shaft 70. In one preferred embodi 
ment, the mount 142 comprises a head With a notched 
opening therein that is constructed and arranged to clip onto 
the shaft 70. In another preferred embodiment, the mount 
142 can comprise a head that has a bore that extends 
transversely therethrough in Which the shaft 70 is received. 
The brace 140 preferably is disposed inside the cartridge 
housing 56 such that it extends in a fore-aft direction 
betWeen sideWalls 62 and 64 and lies adjacent end Wall 60. 

[0092] In the preferred embodiment shoWn in FIGS. 2 
and 3, a pin 144 ?xes the Weight adjust knob 124 to the 
adjuster rod 128 such that the knob 124 and rod 128 rotate 
in unison When the knob 124 is turned. Abearing disk 146 
is disposed betWeen the Weight adjust knob 124 and the 
height adjust knob 126 to facilitate relative rotation ther 
ebetWeen. The height adjust knob 126 has a threaded stem 
148 that extends outWardly therefrom Which is threadably 
received in a threaded plug 150 that is seated either in the 
cartridge housing port 130 or a in slot (not shoWn) in the seat 
platform 42. 

[0093] Rotation of the Weight adjust knob 124 rotates the 
adjuster rod 128 in a corresponding direction. Rotation of 
the adjuster rod 128 causes the distance betWeen the barrel 
nut 132 and biasing element retainer shaft 70 to change, 
Which in turn changes biasing element tension. Changing 
biasing element tension increases or decreases biasing ele 
ment preload, this in turn affects hoW the suspension accom 
modates a seat occupant of a particular Weight as Well as the 
nature of suspension energy absorption. Rotation of the 
height adjust knob 126 moves the adjuster rod 128, barrel 
nut 132, spring hanger assembly 74, and biasing element 
retainer shaft 70 in unison, causing a rotation of the bell 
crank 80 about pivot 84, Which changes the distance 
betWeen the seat platform 42 and the base 44. Changing the 
distance betWeen the platform 42 and the base 44 changes 
the height of a seat mounted on the platform 42 relative to 
the base 44. 

[0094] Weight adjustment effected by turning the Weight 
adjust knob preferably does not affect seat height such that 
Weight adjustment is substantially independent of height 
adjustment. Conversely, height adjustment effected by turn 
ing the height adjust knob preferably does not change the 
resistance of the suspension cartridge to a load applied 
thereto such that height adjustment is substantially indepen 
dent of Weight adjustment and vice versa. 

[0095] In the preferred embodiment shoWn in FIG. 4, the 
suspension cartridge arrangement 48 has a single suspension 
arm 50‘ that can be made of a plurality of bell crank arm 
plates 82, Which preferably are ?xed together. If desired, the 
arm 50‘ can be made of a single plate. The arm 50‘ also 
carries a damper 96, Which has one end attached to axle shaft 
118 and its other end attached to a pivot pin 152 that 
preferably cantilevers outWardly from an interior surface of 
one of the cartridge housing sideWalls 62. As is shoWn in 
FIG. 4, the roller 52 is a Wheel 120 that is rotatively carried 
by axle shaft 118 betWeen damper mount 102 and bell crank 
arm 50‘. 

[0096] Referring additionally to FIG. 5, each biasing 
element 72 has one end 154 that extends around a bearing 
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clip 156 that is disposed betWeen it and the biasing element 
retainer shaft 70. Each bearing clip 156 helps communicate 
and more uniformly distribute biasing element forces during 
suspension operation such that friction betWeen the corre 
sponding biasing element 72 and the retainer shaft 70 is 
reduced. Referring additionally to FIGS. 5 and 6, each clip 
156 is generally C-shaped such that it encompasses an 
angular extent around the retainer shaft 70 of at least 180° 
and preferably at least about 190°. In the preferred embodi 
ment shoWn in FIG. 5, the biasing element mount 154 is a 
hook 158 and the retainer shaft 70 is a solid shaft of circular 
cross section that has a circumferentially extending groove 
160 (FIG. 9) in its outer periphery Where the bearing clip 
156 seats. 

[0097] FIG. 6 illustrates the bearing clip 156 in more 
detail. The clip 156 has a body 162 that has a ?at but arcuate 
inner surface 164 and a concave and arcuate outer surface 
166. The outer surface 166 has a ridge 168 and 170 along 
each side that de?nes a circumferentially extending hook 
receiving channel 172 therebetWeen. To facilitate assembly 
onto retainer shaft 70, the inner bearing clip surface 164 has 
a pair of outWardly opening ?ats 174 and 176 that collec 
tively de?ne a shaft-receiving mouth 178. In assembly, there 
is at least a slight interference ?t betWeen the bearing clip 
156 and the shaft 70 such that the clip 156 preferably snaps 
onto the shaft 70. Therefore, the clip 156 preferably is 
self-retaining on the shaft 70 upon assembly permitting the 
shaft 70 and both bearing clips 156 to be assembled and 
shipped as a unit, if desired. 

[0098] Each bearing clip preferably is made of a durable 
and resilient material that is long-lasting and tough. One 
such preferred material is plastic, namely nylon. Such a 
material preferably ?exes at least slightly to enable a snap ?t 
to be provided betWeen the clip 156 and the shaft 70. 

[0099] FIGS. 7-9 illustrate another preferred embodiment 
of a suspension cartridge arrangement 48‘ of the invention. 
The suspension cartridge 48‘ has a housing 56‘ that is of 
substantially tubular construction and Which has shaft 
receiving notches 68 and 180 and at one end and an end cap 
182 at the other end that has a threaded bore 184 therein 
(FIG. 9) that threadably receives the threaded stem 148 of 
the Weight adjust knob 124. 

[0100] Referring more particularly to FIG. 8, the adjuster 
rod 128 is attached by a shaft coupling assembly 188 to a 
reciprocable piston 100 of the damper, Which is disposed 
Within the cartridge housing 56‘. The shaft coupling assem 
bly 188 includes a coupling tube or sleeve 200 that has a 
plurality of spaced apart bores that each receives one end of 
a coupling Wire 202. One coupling Wire end extends through 
one of the bores in the coupling tube 200 and into a 
complementary bore in the adjuster rod 128. The other 
coupling Wire end extends through the other one of the bores 
in the coupling tube 200 and into a complementary bore in 
the damper piston 100. Opposite and in betWeen the cou 
pling Wire ends is a curved loop of Wire that is also 
circumferentially contoured so as to bear against an engaged 
the coupling tube 200 and a manner that helps retain the 
coupling Wire ends in their respective bores. 

[0101] The damper housing 98 is attached at its free end 
by at least one coupling bracket and clip assembly 190 to the 
biasing element retainer shaft 70. The end of the damper 
housing 98 is attached by a clip 206 to a generally U-shaped 
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coupling bracket 204 that is ?xed, such as by Welding, to 
part of the biasing element retainer shaft 70. The coupling 
bracket 204 has a pair of spaced apart arms, one of Which has 
an aperture therethrough. The clip 206 goes over shaft 70 
before the damper 96 is attached to the clip 206 by snap 
?tting the clip into bracket arm aperture 207. 

[0102] The roller 52‘ comprises a truncated roller 192 that 
can ride back-and-forth during suspension operation. In a 
currently preferred embodiment, the truncated roller 192 
rides along a cam 54 that is upraised from the base 44. 

[0103] Referring more particularly to FIG. 9, the end cap 
182 is a generally square or rectangular piece of material that 
seats in one end 194 of the cartridge housing 56‘. The end 
cap 182 has a cartridge housing seating groove 196 about its 
periphery that receives the exterior edge 198 of the cartridge 
housing 56‘. The threaded bore 184 preferably is generally 
centrally located relative to the outer edges of the end cap 
182. In the preferred embodiment shoWn in FIG. 9, the end 
cap 182 is made of a metallic material, such as sintered 
poWder metal. 

[0104] Referring additionally to FIG. 10, the cartridge 
housing 56‘ includes a pair of spaced apart and substantially 
identical sideWalls 62‘ and 64‘. To permit sideWays insertion 
of the hanger assembly 74, at least one hanger receiving slot 
66 includes a barrel nut clearance notch 208 to facilitate 
assembly of the hanger assembly 74 to the cartridge housing 
56‘. Such an arrangement permits the hanger assembly 74 to 
be assembled as a unit to the cartridge housing 56‘. For 
example, the hanger assembly 74 is slid sideWays into one 
of the slots With the barrel nut 132 sliding through clearance 
notch 208. 

[0105] To help improve strength and increase structural 
rigidity, each sideWall 62‘ and 64‘ terminates in an inturned 
?ange 210 and 212. As is shoWn in FIG. 10, each ?ange 210 
and 212 underlies part of the hanger assembly 74. In the 
preferred embodiment shoWn in FIG. 10, each ?ange 210 
and 212 has a forWard edge 214 and 216 that preferably each 
engages or bears against the end cap 182. In the preferred 
embodiment shoWn in FIG. 10, the forWard edge of each 
?ange 210 and 212 is received in part of the end cap seating 
groove 196. While each inturned ?ange 210 and 212 can 
extend substantially the entire length of its corresponding 
sideWall, each ?ange 210 and 212 preferably terminates at or 
adjacent its corresponding sideWall ear 90‘. 

[0106] Each sideWall ear 90‘ includes a biasing element 
retainer shaft receiving notch 68 that is de?ned by at least 
one curved shaft guide edge 218 that can help guide move 
ment of the biasing element retainer shaft 70 during sus 
pension operation. In the preferred embodiment shoWn in 
FIG. 10, hoWever, each guide edge 218 preferably provides 
clearance so as not to interfere With movement of the biasing 
element retainer shaft 70. To prevent WithdraWal of the 
biasing element retainer shaft 70 from the notch 68, the 
loWer portion of the notch 68 is de?ned by a retainer lip 220. 
In the preferred embodiment shoWn in FIG. 10, each 
retainer lip 220 is shaped like a tooth. 

[0107] Each sideWall ear 90‘ also includes a pivot shaft 
receiving notch 88‘ in Which the pivot shaft 86 is disposed. 
In the preferred embodiment shoWn in FIG. 10, each notch 
88‘ preferably is generally U-shaped such that has a pair of 
notch side edges 222 and 224 that both extend in a generally 
fore-aft direction. 
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[0108] These notches 68 and 88‘ help facilitate assembly 
because they permit suspension components of the suspen 
sion cartridge to be assembled from the rear of the cartridge 
housing 56‘ Without the need for clips or fasteners for 
retaining the suspension components. For example, in the 
preferred embodiment shoWn in FIG. 10, notches 68 and 88‘ 
respectively receive and help retain biasing element retainer 
shaft 70 and suspension arm linkage pivot shaft 86 during 
assembly and during suspension operation. Where the sus 
pension arm linkage arrangement comprises a bell crank 
suspension arm linkage arrangement 80, notches 68 and 88‘ 
respectively receive and help retain the biasing element 
retainer shaft 70 and the suspension arm linkage pivot shaft 
86 during assembly and during suspension operation. Dur 
ing suspension operation, biasing element tension helps 
keep the retainer shaft 70 and the pivot shaft 86 seated in 
their respective notches. 

[0109] FIG. 11 illustrates in more detail a preferred 
embodiment of the suspension arm linkage arrangement 80 
that preferably is a bell crank arm linkage arrangement 226. 
The suspension arm linkage arrangement 226 includes a pair 
of arms 82‘, each of Which is a plate preferably formed of 
metal. An example of a preferred method of making each 
arm 82‘ is by stamping or punching. 

[0110] Each arm 82‘ has a plurality of bores formed 
therein, preferably formed at the same time that the rest of 
the arm 82‘ is formed. One of the bores 228 is a round hole 
formed in each arm 82‘ that is constructed and arranged to 
receive and retain the biasing element retainer shaft 70. 
Another one of the bores 230 is a round hole formed in each 
arm that is constructed and arranged to receive and retain the 
pivot shaft 86. Astill further one of the bores 232 is a round 
hole formed in each arm that is constructed and arranged to 
receive and retain the axle shaft 118. In the preferred 
embodiment shoWn in FIG. 11, bore 232 is carried by a tab 
234 that extends outWardly from the arm 82‘. Part of the tab 
234 is de?ned by a stop notch 236 that has an abutment 
surface 238 against Which part of roller 52 bears during 
suspension operation to prevent roller over travel or over 
rotation. Another part of the tab 235 de?nes an abutment 239 
in the opposite direction. 

[0111] The biasing element retainer shaft 70 is equipped 
With a pair of spaced apart bearing seats 160 that each 
preferably comprises a groove or channel 160 formed in the 
shaft 70 adjacent one end of the shaft. As a result of each 
shaft end having such a groove or channel 160, each axial 
shaft end comprises a retainer head 240 that prevents a 
biasing element bearing 156 seated in the groove or channel 
160 from moving axially relative to the shaft 70. To prevent 
the biasing element retainer shaft 70 from sliding axially 
relative to either arm 82‘, the shaft can be anchored by a ring 
242 that can be a Weld or another adhesively applied ring. In 
one preferred embodiment, the ring 242 is a Weld that ?xes 
the biasing element retainer shaft 70 to at least one of the bell 
crank arms 82‘. In another preferred embodiment, the ring 
242 is ?xed to the retainer shaft 70 but not to any bell crank 
arm 82‘. Such an arrangement limits axial movement of the 
retainer shaft 70 relative to one or both bell crank arms 82‘. 

[0112] The bell crank arms 82‘ are ?xed to the pivot shaft 
86. Each end of the pivot shaft 86 has a diametrically necked 
doWn portion 244 that each receives a bearing 94 (FIG. 7) 
that is, in turn, received in a notch 88‘ (FIGS. 9 and 10) in 
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sidewall ear 90‘. Each bearing 94 permits the pivot shaft 86 
to rotate relative to the cartridge housing 56‘ during suspen 
sion operation. 

[0113] The axle shaft 118 is attached to each bell crank 
arm 82‘, preferably With retaining clips or the like. For 
example, the axle shaft 118 that is shoWn in FIG. 11 has a 
groove 246 at each end that receives a clip or ring. For 
example, in one preferred embodiment, a C-clip or E-clip is 
used. Where retainer ring or clip is used (not shoWn in FIG. 
11), each such ring or clip is disposed outWardly of a 
corresponding adjacent bell crank arm 82‘. 

[0114] FIG. 12 illustrates a truncated roller cam and 
folloWer arrangement 248 of the invention. The cam and 
folloWer arrangement 248 includes a folloWer roller 52‘ that 
preferably is a truncated roller 192 that can roll back and 
forth in response to the suspension collapsing and expanding 
during suspension operation. The cam and folloWer arrange 
ment 248 also includes a cam 54 that preferably is a ramp 
250 that has a cam surface 252 that can be contoured in a 
manner that affects the load-de?ection curve of the suspen 
sion. Although the preferred suspension embodiment 
depicted in FIGS. 7-12 employs a truncated roller 192, the 
suspension arrangement of the invention can also be used 
With a roller 52 that is a circular Wheel that rides along the 
cam. 

[0115] The truncated roller 192 has a body 254 With a 
plurality of tangs 256 that each extend outWardly from the 
body to help prevent truncated roller over rotation. Each 
tang 256 preferably extends outWardly from an arm 258 that, 
in turn, extends outWardly from the truncated roller body 
254. Preferably, there are tWo pairs of such arms 258 With 
one pair of arms 258 extending outWardly in one direction 
and the other pair of arms 2585 extending outWardly in 
another direction. Each pair of arms carry a ?at 260 and 262 
that is capable of sliding relative to the cam When the ?at is 
in contact With the cam. The region betWeen the ?ats 260 
and 262 de?nes an outer pro?le 264 that preferably is 
arcuately contoured so as to, for example, produce a semi 
circular contour. This arcuately contoured outer pro?le 264 
is in rolling contact With the cam 54 during suspension 
operation. 

[0116] The truncated roller 192 has a spindle or hub 266 
that receives axle shaft 118. The hub 266 preferably is 
generally cylindrical and comprise a bearing, if desired. The 
hub 266 preferably is integrally formed as part of the 
truncated roller body 254. 

[0117] The truncated roller body 254 has a pair of side 
Walls 268 and 270 that each includes an outWardly extending 
over rotation preventing boss 272, only one of Which is 
shoWn in FIG. 12. As the truncated roller 192 rotates during 
suspension operation, the roller behaves as a conventional 
roller unless and until, through for example some rare 
unloaded event, the roller 192 gets out of sync With the cam 
54. If an out of sync condition occurs, one of the ?ats comes 
into contact With the cam 54 and re-indexes the truncated 
roller 192 relative to the cam such that part of the arcuately 
contoured outer pro?le goes back into contact With the cam 
54. During re-indexing, sliding contact can occur betWeen 
one of the ?ats and the cam 54. 

[0118] Each boss 272 also helps prevent the roller 192 
from getting out of sync With the cam 54. One or both bosses 
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272 engages a corresponding abutment surface only as a 
redundant folloWer rotation limit, Which is not intended to 
occur during normal suspension operation. For example, 
during assembly, each boss 272 can engage an abutment 
surface to prevent improper orientation of the truncated 
roller 192 from occurring. 

[0119] The truncated roller 192 has a contact surface that 
includes each ?at 260 and 262 and the outer pro?le 264 
betWeen the ?ats. The contoured outer pro?le comprises a 
partial circumference that is at least great enough to permit 
the roller to pivot about the axle shaft 118 throughout the 
entire suspension travel. In other Words, the developed 
length of the arcuately contoured outer contact surface is at 
least greater than the length of that portion of the cam 
contact surface With Which the outer contact surface comes 
into contact during full suspension travel. 

[0120] In one preferred embodiment, this contact surface 
preferably encompasses an angular extent of at least 30°. In 
one preferred embodiment, the truncated roller contact sur 
face encompasses an angular extent of betWeen 30° and 
270°. As a result of this con?guration, the truncated roller 
192 has a larger effective radius than a round roller of a 
similar overall height. This advantageously reduces friction, 
increases robustness, and improves durability, all Without 
substantially increasing cost. 

[0121] In one preferred embodiment, the truncated roller 
contact surface has an effective radius of at least about 15 
mm and no more than about 50 mm. In a currently preferred 
embodiment, the truncated roller contact surface has an 
effective radius of about 26 mm In this same preferred 
embodiment, the outer pro?le 264 of the contact surface has 
a Width that is at least about 26 mm. The truncated roller 192 
is made of a durable, resilient, and long-lasting elastomeric 
material that preferably is acetal. If desired, other materials, 
such as plastic, metal, alloyed steel, or the like, can be used. 

[0122] The cam 54 has a bottom 274, a top 252, a pair of 
sideWalls 276 and 278, and a rear Wall 280. The top surface 
252 is the cam surface upon Which the roller rides during 
suspension operation. In the preferred embodiment shoWn in 
FIG. 12, the cam surface 252 is substantially smooth and 
substantially straight so as to impart a substantially linear 
load de?ection curve to the suspension. If desired, the cam 
surface 252 can deviate from being straight to provide a load 
de?ection curve that is nonlinear. For example, the cam 
surface can be curved so as to provide a curvilinear load 
de?ection curve. In another example, the cam surface can 
have a ?rst portion that is substantially straight and a second 
portion that is generally curvilinear Where needed. Other 
variations are possible. 

[0123] The cam 54 preferably is ?xed to the base or the 
ground. In the preferred cam embodiment shoWn in FIG. 12, 
the bottom 274 of the cam has an outWardly protruding boss 
282 that is received in a corresponding bore (not shoWn) in 
the suspension base. To further anchor the cam 54, the cam 
54 has a bore 284 that is constructed and arranged to receive 
a fastener, such as a screW, a bolt, or the like, that extends 
through a bore (not shoWn) in the suspension base and into 
the cam bore 284. If desired, an adhesive can also be used 
With or Without one or more fasteners in anchoring the cam 
to the suspension base. 

[0124] The cam 54 preferably has a height at its highest 
end that increases maximum suspension stroke by a corre 
















